Introduction {#Sec1}
============

Neonatal diarrhea is a major source of economic loss to the cattle industry and the leading cause of calf mortality in most countries. Financial losses arise not only from mortality, but also from the cost of medication and labor needed to treat sick calves (Constable et al. [@CR10]). The main etiologic agents of diarrhea in dairy calves are *Escherichia coli* K99 (F5), *Salmonella* spp., rotavirus, coronavirus, and *Cryptosporidium parvum*. These pathogens cause specific enteric infections, resulting in secretory or malabsorptive diarrhea, along with inflammation of the intestinal epithelium (Foster and Smith [@CR16]). Sickness behavior is an integrated response to infection and inflammation, involving characteristic behavioral and physiological changes including loss of appetite, somnolence, increased thermoregulatory behavior, and reduced social activity (Hart [@CR20]; Todd et al. [@CR40]).

Animal health can be defined as the absence of disease determined by clinical examinations combined with various diagnostic tests. However, such clinical examinations may suffer from a lack of reproducibility (Petersen et al. [@CR30]). The acute phase response is the reaction of the animal to disturbances in its homeostasis caused by infection, tissue injury, neoplastic growth, or immunological disorders. It is characterized by alterations in the concentrations of a variety of hepatocyte-derived acute phase proteins (APPs) in the blood, fever and endocrinological, metabolic, immunological, and neurological changes (Pfeffer et al. [@CR31]). The acute phase proteins (APPs) are blood proteins that can be used to assess the innate immune system's systemic response to infection, inflammation, or trauma (Murata et al. [@CR28]; Petersen et al. [@CR30]; Cerón et al. [@CR6]). APPs may provide an alternative means of monitoring animal health. An increased focus on the application of APP for this purpose has recently been developed (Skinner et al. [@CR35]). Due to a relatively short half-life in serum and high response in diseased animals, APP serum responses constitute a valid measure of a systemic response to an initiating stimulus at the time of blood sampling. Important points to consider before using APP as objective and nonspecific markers of animal health are the possible influence of environmental factors, handling, and other types of stress in the absence of disease. These biomarkers are highly sensitive indicators of inflammation but lack specificity, and there are major species differences in the APP response (Eckersall and Bell [@CR13]). Measurement of the acute phase proteins is a potentially useful clinical tool in veterinary medicine, but further studies are required to assess their responses in different pathological processes according to the species (Kent [@CR25]). The haptoglobin (Hp), ceruloplasmin (Cp), and fibrinogen (Fib) concentrations have been reported to increase in many infections and inflammatory conditions in ruminants (Conner et al. [@CR8], [@CR9]; Skinner et al. [@CR35]; Pfeffer et al. [@CR31]; Wittum et al. [@CR41]; Gånheim et al. [@CR17]). Hp and serum amyloid A (SAA) are important bovine APPs, which increase in serum, for example, during viral and bacterial diseases (Murata et al. [@CR28]; Petersen et al. [@CR30]), but are absent, or present, in very low levels, in healthy animals (Godson et al. [@CR19]; Heegaard et al. [@CR21]; Gånheim et al. [@CR17]). Moreover, subclinical inflammatory disorders can induce increase in APP concentrations (Karreman et al. [@CR24]). The concentration of Fib is increased in the plasma of animals with inflammatory disorders (McSherry and Horney [@CR27]) and has been used for many years to evaluate inflammatory disease in cattle (Eckersall and Conner [@CR14]). Lungworm infection (Gånheim et al. [@CR18]) and stress due to poor housing (Alsemgeest et al. [@CR2]), weaning, transportation, and mixing (Arthington et al. [@CR3]) can also result in increased APP concentrations in cattle. APPs have been considered both as potential indicators of disease and well-being in individual animals and as indicators of herd health (Alsemgeest et al. [@CR1]; Murata et al. [@CR28]; Petersen et al. [@CR30]). Studies show that SAA (Karreman et al. [@CR24]) and Hp (Saini et al. [@CR33]) have been found useful in herd screenings to identify cows with inflammatory diseases. At the herd level, APP might be useful for determining where the spread of the disease is taking place (age group, part of the production system), by providing information about the prevalence of ongoing clinical and subclinical infections indicated by the high serum concentration of selected APP (Petersen et al. [@CR30]) and by serving as a prognostic tool, with the magnitude and duration of the acute phase response reflecting the severity of infection (Skinner et al. [@CR35]; Petersen et al. [@CR30]).

The aim of this study was to describe the APP responses in calf diarrhea complex with different clinical features.

Materials and methods {#Sec2}
=====================

Animals {#Sec3}
-------

Holstein calves (50) within 1 day to 4 months old with signs of diarrhea and healthy calves (40) with similar age as case and control groups from the same management, respectively, were selected.

Clinical examination {#Sec4}
--------------------

A clinical examination was conducted in calves with sign of diarrhea without any other diseases in which heart rate and respiratory rate were determined, rectal temperature was measured. Individual calf fecal consistency scores were assigned using a four-point scale (1 = normal, firm stool; 2 = soft, does not hold form; 3 = runny, spreads easily; 4 = liquid, devoid of solid matter), as described by Larson et al. ([@CR26]). Diarrhea was defined as a fecal score greater than 2. Fecal scores of 3 and 4 were described as mild and severe diarrhea, respectively. At the naturally occurring onset of diarrhea, defined as the first occurrence of a fecal score greater than 2, the calves were enrolled in the study. Rectal temperatures above 39.5 were recorded as febrile calves, presence or absence of suckling reflex were determined, and recumbence calves and shock signs, such as rapid heart rate, cold extremities, and weakness, were recorded. Also, dehydration degree were carried out on each calf and were assessed by "tenting" the skin of the lateral portion of the cervical region and by measuring the time required for the skin fold to return to normal based on Radostits et al. ([@CR32]). Calves with clinical signs of diarrhea were divided in different groups based on the severity of the clinical findings, fever, and degree of dehydration.

Blood sampling {#Sec5}
--------------

Blood samples were taken from the jugular vein from all calves (control and case) in the same time in the first day of the disease into vacutainers containing ethylenediaminetetraacetic acid (EDTA) for separating plasma and measuring hematological parameters and without EDTA for serum biochemical analysis. The sera and plasma are separated by centrifugation at 750 × *g* for 15 min; the plasma and serum was transferred to a plastic vial, capped, and stored at -20°C until analyzed. The animals had not been treated for disease prior to sampling.

Measurements {#Sec6}
------------

APP concentrations were measured using validated standard methods.

### Hp determination {#Sec7}

Hp was measured according to prevention of the peroxidase activity of hemoglobin, which is directly proportional to the amount of Hp (Tietz et al. [@CR39]). The analytical sensitivity of this test in serum has been determined as 15.6 mg/l for Hp by the manufacturer (Tridelta Development, Wicklow, Ireland).

### SAA determination {#Sec8}

SAA was measured by a solid phase sandwich enzyme-linked immunosorbent assay (ELISA; Tietz et al. [@CR39]). The analytical sensitivity of this test in serum has been determined as 0.3 mg/l for SAA by the manufacturer (Tridelta Development).

### Cp determination {#Sec9}

Cp was measured using the method of Sunderman and Nomoto ([@CR36]).

### Fib determination {#Sec10}

Fib was measured by the precipitation refractory method as described by Thrall et al. ([@CR38])

Statistical analysis {#Sec11}
--------------------

Data were presented as mean ± standard error (SE) and median. Due to inequality of variances and nonnormal distribution of data, to investigate any important changes in study groups, nonparametric Kruskal--Wallis and Mann--Whitney *U* test were used for statistical comparisons. Group differences were considered statistically significant at *P* \< 0.05.

Results {#Sec12}
=======

Blood concentrations of APPs in calves with diarrhea and healthy calves are presented as mean ± SE and median in Table [1](#Tab1){ref-type="table"}, also APPs in calves with diarrhea according to different clinical signs are presented as mean ± SE and median in Table [2](#Tab2){ref-type="table"}. There was a significant difference in Hp, SAA, Cp, and Fib between healthy and diseased calves which was most obvious in Hp and SAA (*P* \< 0.001). Calves with severe clinical signs of diarrhea had significant increases in their Hp and SAA (*P* \< 0.001) as compared to calves with moderate or without systemic clinical signs. Diarrheic calves with fever had significant increases in their Hp and SAA as compared to diarrheic calves without fever (*P* \< 0.01). Also, diarrheic calves with severe dehydration compared to diarrheic calves with mild and moderate dehydration had significant increases in Hp and SAA (*P* \< 0.05), and these parameters among calves with mild and moderate dehydration had no significant changes.Table 1Serum or blood concentrations, mean [±]{.ul} SE (median), of Hp (mg/l), SAA (mg/l), Cp (mg/l) and Fib (g/l) in diarrheic and control calvesNumberHp (mg/l)SAA (mg/l)Cp (mg/l)Fib (g/l)Control (healthy calves)40923 (90)6.236 ± 0.098 (6.19)65 ± 2 (60)2.563 ± 0.076 (2.59)Case (diarrheic calves)5031 ± 720 (270)35.389 ± 2.670 (27.77)105 ± 2 (100)4.068 ± 0.128 (4.17)*P* value\<0.001\<0.001\<0.001\<0.001*Hp* Haptoglobin, *SAA* serum amyloid A, *Cp* ceruloplasmin, *Fib* fibrinogen Table 2Serum or blood concentrations, mean ± SE (median), of haptoglobin (Hp; mg/L), serum amyloid A (SAA; mg/L), ceruloplasmin (Cp; mg/L) and fibrinogen (Fib; g/L) in diarrheic calves according to clinical examinationNumberHp(mg/L)\*SAA (mg/L)\*Cp (mg/L)\*\*Fib (g/L)\*\*FeverAfebrile calves34273 ± 16^b^ (235)29.650 ± 2.317^b^ (25.27)104 ± 2 (100)4.143 ± 0.150 (4.25)Febrile calves16411 ± 45^a^ (385)47.583 ± 5.753^a^ (45.14)106 ± 3 (110)3.907 ± 0.243 (3.74)severity of clinical signsNo clinical signs15245 ± 19^a^ (220)27.432 ± 2.557^a^ (24.61)106 ± 4 (100)4.359 ± 0.236 (4.83)Moderate clinical signs21266 ± 18^a^ (250)27.100 ± 2.245^a^ (25.41)103 ± 3 (100)3.874 ± 0.180 (3.86)Severe clinical signs14471 ± 41^b^ (480)56.348 ± 5.465^b^ (61.09)105 ± 3 (110)4.046 ± 0.264 (4.13)DehydrationMild dehydration15245 ± 19^a^ (220)27.432 ± 2.557^a^ (24.61)106 ± 4 (100)4.359 ± 0.236 (4.83)Moderate dehydration26319 ± 29^a^ (270)33.713 ± 3.603^a^ (26.84)103 ± 2 (100)3.902 ± 0.176 (3.97)Severe dehydration9431 ± 51^b^ (430)53.493 ± 7.151^b^ (52.43)107 ± 5 (100)4.061 ± 0.290 (4.18)\*Different letters in each column show significant difference.\*\*No significant difference was observed between groups

Discussion {#Sec13}
==========

In bovines, two major serum APPs proteins have been recognized: SAA (Horadagoda et al. [@CR23]) and Hp (Eckersall and Conner [@CR14]). They have been used to evaluate inflammatory conditions in clinical or experimental cattle studies (Alsemgeest et al. [@CR1]; Heegaard et al. [@CR21]). A large proportion of diarrheic calves in our study had elevated concentrations of one or more APPs which were most obvious in Hp and SAA. Hp has been reported to be a useful indicator of bovine bacterial infections (Eckersall [@CR12]). Under normal conditions, Hp is absent or present in very low concentrations in serum, ranging from 0.05 to 0.10 g/l, but the concentration may increase 50--100 times after infection or inflammation (Conner et al. [@CR9]; Skinner et al. [@CR35]; Pfeffer et al. [@CR31]; Wittum et al. [@CR41]). In our study, the mean concentration of Hp in diarrheic calves was 270 mg/l, which was significantly higher than healthy calves (90 mg/l). In cattle, an increased SAA serum and plasma concentration has been found following experimentally induced (Bremner [@CR4]; Conner et al. [@CR8]) and naturally occurring inflammation (Alsemgeest et al. [@CR1]) as well as experimental and natural infections. The SAA response during viral respiratory diseases is well described (Heegaard et al. [@CR21]; Gånheim et al. [@CR17]). After intratracheal inoculation with *Pasteurella multocida*, the SAA concentration increased (Horadagoda et al. [@CR22]).

In feedlot cattle with clinical respiratory tract disease, a high but variable Hp response was observed (Wittum et al. [@CR41]). No correlation between Hp serum concentration and rectal temperature or pathological lesions in the lungs was found, but lower serum concentration was observed in cattle treated with antibiotics. Hp has also been associated with bacterial contamination of the uterus and delayed uterine involution (Sheldon et al. [@CR34]). As for Hp, the SAA response is of longer duration in coinfections with virus and bacteria when compared to pure virus infections (Gånheim et al. [@CR17]). Some authors indicated that the magnitude and the duration of the response correlated well with the severity of the clinical signs (Heegaard et al. [@CR21]; Gånheim et al. [@CR17]) Calves with severe clinical signs of diarrhea in our study had significant increases in their Hp and SAA compared to calves with moderate or without systemic clinical signs. Diarrheic calves with fever had significant increases in their Hp and SAA compared to diarrheic calves without fever.

The increases in APPs in diarrheic calves were well correlated with the clinical findings in this group. The difference between the diarrheic and healthy calves was most obvious for Hp and SAA indicating that may be the most useful predictive APPs and is in agreement with Carter et al. ([@CR5]) who concluded that analysis of serum Hp was a better tool for discrimination between calves that became ill and those that did not, as compared to other APPs. Cp is less commonly measured than Hp, but increased in our diarrheic calves. Cp has been identified as an APP in many species (Feldman et al. [@CR15]). In comparison to SAA and Hp, Cp and Fib were less sensitive to change in diarrheic calves in our study. The application of Cp to diagnosis remains less common than that of other APP, but there have been a number of studies confirming that this ferroxidase is an indicator of infection in cattle (Conner et al. [@CR8], [@CR9]; Chassagne et al. [@CR7]; Sheldon et al. [@CR34]). The sensitivity of SAA was more than Hp, Cp, and Fib for inflammatory reactions of bovine theileriosis (Nazifi et al. [@CR29]). APPs increase when a disease developed and decrease in the recovery stage (Nazifi et al. [@CR29]). SAA, in comparison with other APPs, is a more suitable diagnostic indicator of inflammatory process in bovine theileriosis (Nazifi et al. [@CR29]). SAA is reported to be more sensitive to stimulation (Horadagoda et al. [@CR23]; Heegaard et al. [@CR21]), and as an increase can be induced also by other factors than disease, such as stress (Alsemgeest et al. [@CR2]), it may be less suitable as an indicator of health problems. APPs, produced during the early inflammatory response, represent a potentially useful systemic marker of bacterial infection. In a calf model of experimentally induced *Salmonella* infection, serum Hp levels increase within 3 days of challenge. These increases correlate with the development of clinical symptoms of infection, diarrhea, and rectal temperature. Therefore, determination of serum Hp levels may provide a useful marker of *Salmonella* infection in young calves (Deignan et al. [@CR11]). Alsemgeest et al. ([@CR1]) reported that Serum Hp in combination with other APP seemed to be a promising indicator of disease on a herd level basis. Gånheim et al. ([@CR18]) investigated the potential of APP (Hp, Fib, and SAA) as an objective tool to evaluate animal health and management in two groups of calves with different clinical health status and reported the largest difference in number of days per calf with supra-normal concentrations to occur for serum Hp, suggesting this to be the most useful APP to measure. Serum Hp, when combined with rectal temperature, may be a valuable parameter in herd level diagnostics at least in heifers(Svensson et al. [@CR37]).

The results of the present study support the usefulness of APP measurement in monitoring animal health and support the proposals made by other authors (Alsemgeest et al. [@CR1]; Murata et al. [@CR28]; Petersen et al. [@CR30]). Like rectal temperature, APP levels are not suitable for establishing a specific diagnosis but can provide objective information about the extent of ongoing lesions in individual animals (Petersen et al. [@CR30]). Our results indicated that monitoring the APPs responses in diarrheic calves with different clinical signs could be useful as prognostic tools and facilitate treatment decisions.
